The value of an ordinal global scale derived from combined clinical and CT data (clin/CT scale) to predict the clinical outcome in 112 patients shunted for presumed normal pressure hydrocephalus (NPH) was analysed. The clinical data were retrospectively collected, all CT scans were re-evaluated, and the clinICT scale was determined blind to the results of further ancillary tests and to the post-surgical outcome. The scale ranked three classes of prediction: on the basis of clinical and CT characteristics, improvement after shunting was probable, possible, or improbable. The predictive value of the clin/CT scale for the subgroup of communicating NPH was established for two different strategies, depending on the strictness of selection criteria for shunting. In the subgroup of patients with presumed communicating NPH, the prevalence of shunt responsiveness was 29%; the best strategy was to shunt only patients with probable shunt-responsive NPH: the sensitivity was 054, the specificity 0i84, and the predictive accuracy 075, with a limited number of ineffective shunts (11%) and missed improvements (13%). The study illustrates its need to assess the pre-test probability of NPH based on combined clinical and CT data, before establishing the clinical usefulness of an ancillary test. In addition, even recent articles describing the advantages of ancillary tests such as CSF hydrodynamic evaluation29 or MRI30 provide scant information on whether the pretest probability of NPH had been established on the basis of clinical and CT or MRI variables. As establishment of the pretest probability is essential to evaluate the additional predictive value of a test,3' 32 we assessed the value of combined clinical and CT data to predict the post-surgical outcome in patients shunted for presumed NPH.
The syndrome of normal pressure hydrocephalus (NPH) is a rare and treatable cause of gait disorder, mental deterioration and urinary incontinence due to chronic hydrodynamic hydrocephalus.' 2 In spite of intensive research into tests to select appropriate candidates for a shunt, the success rate of CSF diversion ranges between 20% and 80%,3-15 depending on the aetiology of NPH and the severity of selection criteria.5 79'5 The clinical usefulness of ancillary tests remains controversial: some clinicians successfully shunted their patients on the basis of clinical and CT criteria, '6 17 but others stated that these variables were unreliable and advocated further tests. [18] [19] [20] [21] [22] Many clinicians still rely on the clinical signs, CT or MRI patterns, the clinical effect of one or more CSF taps, and sometimes cisternography to reach a therapeutic decision,1623-25 because they are still reluctant to use more invasive or poorly available tests. 23 Also, some promising results with CSF hydrodynamic tests6 18 have not been reduplicated in other studies.2&28 In addition, even recent articles describing the advantages of ancillary tests such as CSF hydrodynamic evaluation29 or MRI30 provide scant information on whether the pretest probability of NPH had been established on the basis of clinical and CT or MRI variables. As establishment of the pretest probability is essential to evaluate the additional predictive value of a test,3' 32 we assessed the value of combined clinical and CT data to predict the post-surgical outcome in patients shunted for presumed NPH.
Methods

INCLUSION CRITERIA
The medical records of all patients shunted for presumed NPH between January 1980 and June 1989 in the four neurosurgical departments of Amsterdam were reviewed. In accordance with others,58 patients with both communicating and non-communicating hydrocephalus were included to consider a diagnosis of NPH. Although in some patients lack of improvement may have been due to shunt dysfunction, we used improvement after shunting as the gold standard for the diagnosis of NPH, designated shunt-responsive NPH (SR-NPH). 2) CT scan. The following measurements were made: frontal horn index (FHi), being the ratio between the maximal width of the frontal horns and the width of the whole brain at the same level; roundness of the frontal horns (0: not; 1: slight; 2: marked); lateral ventricle index, being the ratio between the width of the lateral ventricle at the level of the cella media and the width of the whole brain at the same level; third ventricle index, being the maximal width of the third ventricle divided by the width of the brain at the same level; width of the temporal horns, expressed in grade 0: not seen; grade 1: slightly enlarged; grade 2: considerably enlarged. Convexity sulci (SU) were graded as not present (0), present (1), enlarged (2) , considerably enlarged (3); the fourth ventricle, rated as normal or enlarged. Periventricular frontal or occipital lucencies (PVL) were noted as present or absent. The presence of white matter lucencies (WML) or leuko-araiosis36 was rated as follows: no lucencies (0); discrete and sporadic WML (1); moderate WML (2) (98) is considered, the number of ineffective shunting was 11% (11/98), that of missed improvements 13% (13/98) and that of missed substantial improvements 5% (5/98). Table 3 shows that a liberal policy of shunting all patients with probable and possible SR-CoNPH would have lowered the predictive accuracy to 58% (95% CI 48-68%). This strategy would have lowered the number of missed improvements to 5% (95% CI 2-12%), and the number of missed substantial improvements even to 0%. However, it would have also increased the percentage of ineffective shunts to 37% (95% CI 27-47%) of the whole group and 61% (95% CI 47-73%) of the patients who would have been shunted.
Sensitivity and specificity
With strategy 1 (strict selection), the sensitivity of shunting only probable SR-CoNPH was 071 (12/17, 95% CI 044-0 90) for substantial improvement, 054 (15/28, 95% CI 034-072) for overall improvement, and the specificity was 0 73 (8/11, 95% CI 039-0 94). With strategy 2 (shunting both probable and possible SR-CoNPH) the sensitivity would have increased to 1 (95% CI 080-1 -0) for substantial improvement and 082 (95% CI 0 63-0 80) for overall improvement; the specificity would have been lowered to 0A49 (95% CI 0-36-0-61).
PREDICTIVE VALUE OF MEASUREMENTS OF COUT Table 4 shows the correlation of the values of CG0t and outcome after shunting as described by B0rgesen et al. 6 A sensitivity of 100% (95% CI 92-100%) and specificity of 68% (95% CI 43-87%) was found, provided that the cut off for shunting was determined at CG,t of < 0-08, and that temporary improvement would have been considered as no improvement. This led to a positive predictive value of 88% and an accurate predictive rate of 91% (95% CI 81-96%) in a patient group with a pretest probability of shuntresponsiveness of 70%. Table 5 lists the predictive value of a Clin/CT scale in our patients with idiopathic probable and possible SR-CoNPH. In this subgroup with a pre-test probability of shuntresponsiveness of 38% (19/50), the accurate predictive rate would have been 72% (36/50) Table 6 shows that the application of Cout in the same subgroup would have led to an accurate predictive rate of 80% (95% CI 67-89).
Discussion
To our knowledge, this is the first study on NPH in which the predictive values, the sensitivity, and the specificity of combined clinical and CT criteria with observers "blinded" to the results of further tests and to the postsurgical outcome have been calculated. We established the predictive value of such a Clin/CT scale to assess whether clinical and CT criteria are as unreliable as asserted by investigators who reported on the clinical usefulness of ancillary tests. 6 18 As we studied only patients who had been shunted, we inevitably introduced a selection bias. In spite of this preselection, the three predictive classes of the Clin/CT scale were equally distributed (table 1) and the prevalence of shunt responsiveness in the group of CoNPH was about 29%, which probably reflects common practice. An unresolvable problem was that, in spite of a rather high rate of shunt revisions," failure to improve in Thus in centres with limited technological facilities, shunting only patients with probable CoNPH on the basis of a global clinical/CT scale would be justified, especially in view of the serious surgical risks and the very low rate of marked improvement in the categories of possible and improbable SR-CoNPH. The major drawback is that these patients and their families must accept a 42% chance of ineffective surgery and a 5% chance of being erroneously withheld a highly beneficial procedure.
In patients with possible SR-CoNPH-the category with the greatest diagnostic uncertainty-the likelihood of improvement after a shunt is estimated at 30-40%.1 14 This contrasts with our experience, as shunting all patients with possible SR-CoNPH would have resulted in a disappointingly low percentage of substantial benefit (15%). As serious shunt-related residual morbidity approximates 7-8%,"3 a very reserved therapeutic attitude towards patients with possible SR-CoNPH would be justified, as the benefits would scarcely outweigh the risks of serious post-surgical harm. It is possible that our criteria to classify hydrocephalic patients into this category were too liberal, but it is also possible that some investigators included improvement of limited clinical importance to calculate the benefits of a shunt.
Shunting patients with improbable SRCoNPH appeared as a desperate attempt to reverse an irreversible process of mental deterioration, most probably due to degenerative brain disease or to SAE. Our large retrospective study33 revealed that many neurologists and neurosurgeons submitted patients with improbable NPH to a neurosurgical "lastchance" procedure. As very few patients of this group fare only slightly better after a shunt, submitting them to a shunting procedure is unjustified as the benefit/harm ratio is unacceptably low.
With a combined clin/CT scale the most accurate predictive rate in the whole group of CoNPH was 75% (strategy 1). This predictive accuracy is higher than commonly assumed, but was mainly due to the high predictive value of a negative decision, that is, not to shunt patients with possible or improbable SR-CoNPH. Even with strict selection, the positive predictive value of a combined Clin/CT scale remained low (58%).
Thus by combining clinical and CT criteria for a global predictive scale, we did not succeed in eliminating the need for non-invasive, easily accessible tests with reproducible results, assuming, of course, that their sensitivity, specificity and predictive values would be meaningfully higher than those obtained with combined clinical and CT criteria. Continuous intracranial CSF pressure recording8 and calculation of C0,t641 have been described as the best predictive tests. Unfortunately, at least in the Netherlands, these techniques are inaccessible to most clinicians.2' In the best hands, the accuracy of C,Ut was very high, reaching levels of 90% or even higher, but this was obtained in a group of patients in whom a large majority may have presented with a typical SR-NPH, as 70% improved after a shunt. 6 Other reports have illustrated that CSF infusion tests may be less accurate.'$ '8 In our 50 patients with idiopathic communicating NPH there was a large spectrum of probabilities indicating SR-NPH, explaining that the pretest probability of SR-NPH was only 39%: this approximates to the percentage encountered in common neurological practice. In this group, the most difficult regarding decision making, the predictive accuracy of C0Ut would have been 80%, which is only 8% better than that obtained with the best strategy based on clinical and CT criteria. The main advantage of assessing the C, would have been to avoid missed substantial improvements in 10% of the patients.
In conclusion, our study suggests that further studies on NPH should include assessment of the pretest probability based on combined clinical and CT variables. Only then can one assess the usefulness of an ancillary test to assist clinicians in their decisions to shunt or not to shunt patients with presumed NPH.
